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Crystallins are the major proteins found in the lens, and the
localization of specific crystallins is well known. Overexpres-
sion and accumulation of @ B-crystallin has been observed in
response to stress conditions or in certain diseases, such as
brain tumors and neurodegenerative diseases. The purpose of
this study was to examine whether @ -crystallins are modified
during pathological myofibroblastic changes in lens epithelial
cells.

Lens epithelial cells attached to the anterior capsules of
patients with nuclear or anterior polar cataracts were analyzed
quantitatively for e -crystallin proteins and mRNAs using
Western blot and RT-PCR analysis., respectively. The degree
of modification of «-crystallins was determined by 2-dimen-
sional gel electrophoresis followed by Western blotting.

Higher molecular weight protein bands that were immuno-
reactive to anti- @ A- and anti- @ B-crystallin antibodies around
45 kDa accumulated more in the anterior polar cataract
samples than in those with the nuclear type of cataracts. Also
monomeric  B-crystallins accumulated more in lens epithelial
cells of patients with anterior polar cataracts. By comparison,
no significant changes were found in the levels of the mRNAs
encoding @ A- and ¢ B-crystallins in the different types of
cataracts. Both @ A- and ¢ B-crystallin proteins seemed to un-
dergo more extensive modification in anterior polar cataracts.

Conclusion. In addition to fibrotic changes, which accom-
pany increased levels of extracellular matrix molecules, accu-

mulation and abnormal modification of e-crystallins might be
implicated in the pathogenic mechanism of this type of
cataract.
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INTRODUCTION

The refractive properties of the transparent eye
lens depend on a group of proteins called crys-
tallins that comprise approximately 90% of the
soluble proteins in this tissue. Three major groups
of crystallins, namely ¢ £, and 7y-crystallins, exist
in the mammalian lens. The q-crystallins consist
of the two polypeptides, ¢A and aB,. These poly-
peptides share a 55% amino acid sequence iden-
tity"” and are present as heterologous complexes
in the region of 800kDa. The a-crystallins are
highly expressed in the lens and to a lesser extent
in other tissues, in which they have non-refractive
roles. The a-crystallins share amino acid sequence
similarity with the small heat shock proteins and
show chaperone activity.” Both @A- and @B-crys-
tallins act as molecular chaperones in vitro, pre-
venting protein aggregation induced by heat and
other stresses. In particular, aB-crystallin has been
shown to accumulate and to be overexpressed in
response to stress caused by certain diseases, such
as neurodegenerative diseases and brain tumors."
Because a-crystallins are essential components for
lens transparency, alterations in a-crystallins may
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disrupt normal lens structure and function. It is
well documented that g-crystallins undergo ex-
tensive post-translational modifications, including
partial degradationf’7 deamidation,® disulfide for-
mation,”® and phosphorylation®” with increasing
age.g’m’11 Extensive racemization and isomerization
of aspartate and asparagine residues in both aA
and @B also occur in humans."" Many of these
modifications can cause conformational changes,
which eventually lead to protein aggregation and
lens opacification.”"”

Central lens epithelial cells do not proliferate,
but survive throughout life maintaining lens
homeostasis and clarity. However, the survival
mechanisms adopted by these central lens epi-
thelial cells are unknown. It is speculated that «
-crystallins, like heat shock proteins, play a criti-
cal role in the various stress conditions that in-
fluence lens epithelial cells. The majority of
studies showing a-crystallin modifications have
concerned age-related cataracts.”®" Moreover,
modifications occurring in lens fibers have been
well examined.”””" Therefore, we attempted to in-
vestigate the possibility of alterations in a-crys-
tallins that might occur in the central lens epi-
thelial cells under non-age related conditions.
Anterior polar cataracts may provide stress condi-
tions in which the central lens epithelial cells are
exposed to transforming stimuli. Our previous
results showed that cells adhering to anterior
capsules in patients with anterior polar cataracts
are transdifferentiated into myofibroblast-like
cells.*” This led us to hypothesize that a-crys-
tallins may actively participate in a reactive pro-
cesses involving the central lens epithelial cells
under this particular pathologic condition. As a
consequence, they become altered as noted in
neurodegenerative diseases. To test this hypo-
thesis, we examined whether lens epithelial cells
from patients with anterior polar cataracts pos-
sibly influence the expression levels and modifi-
cations of the a-crystallins.

MATERIALS AND METHODS
Human specimens

This study was conducted according to the
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tenets of the Declaration of Helsinki. Lens cap-
sules with adherent epithelial cells were obtained
during cataract surgery from patients clinically
diagnosed with nuclear and anterior polar cata-
racts. Lens capsules of noncataractous lenses were
obtained during clear lens extraction for the cor-
rection of high myopia. Cataract samples were
collected from ten patients, 5 female and 5 male,
ranging in age from 25 to 60. A single lens was
extracted from one highly myopic male patient
who was 55 years old. The capsules were im-
mediately placed in TRIzoL reagent (GIBCO,
Gaithersburg, MD, USA) for RNA preparation or
were frozen for protein extraction. Lens fiber cells
were obtained from patients who underwent
cataract extraction. After removing anterior cap-
sule following continuous curvilinear capsulor-
rhexis, lens fiber cells were obtained by phacoe-
mulsification, aspiration, and irrigation. Lens fiber
cells were collected in Falcone tubes and stored at
at -20C for protein analysis.

Reverse transcription-PCR

Total cellular RNA was isolated from LECs
attached to the anterior capsules of human
cataractous lenses by using TRIzoL reagent. One
©g of RNA was reverse-transcribed in a 20zl
reaction mixture by using a kit (First strand cDNA
synthesis kit; Boehringer Mannheim, Indianapolis,
IN, USA). Then the prepared cDNA (0.2 to 1 x1)
was amplified in a 20 4l reaction mixture. Condi-
tions for PCR were as follows: 0.4uM primer,
02mM deoxynucleoside triphosphate mixture
(Perkin Elmer, Foster City, CA, USA), 50 mM KCI,
10 mM Tris- HCI (pH 8.3), 1.5 mM MgCly, and 1.0
U of Tag DNA polymerase (Promega, Madison,
WI, USA). Reaction mixtures were incubated in a
thermal controller (Model PTC-100; M] Research,
Watertown, MA, USA) for 25 to 30 cycles (dena-
turation at 94C for 30 s, annealing at 60C for 30
s, extension at 72C for 30 s). Primer sequences
specific for the genes examined and predicted
product sizes are shown in Table 1.

Western blot analysis

Lens epithelial cells were lysed on ice in lysis
buffer (20 mM Tris-HCI [pH 7.5], 120 mM NaCl,
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Table 1. Primers and Expected Sizes of PCR Products with Each Primer Pair

Gene Size (bp) Forward primer Reverse primer

B -actin 350 5'-aggccaaccgegaagatgacc-3’ 5'-gaagtccagggcgacgtageac-3’
@ A-crystallin 276 5'-caggacgactttgtggaga-3’ 5'-caatgctgcttaggacgag-3’

@ B-crystallin 275 5’-cettetttectttccactee-3’ 5'-cacctcaatcacatctecca-3’

B -crystallin 337 5'-gatgcctggagtggoagtaa-3’ 5'-attggatctgegaagtctgg-3’
Filensin 606 5'-tectecagcatccattgtg-3” 5'-agccttgtgtcttccaaacc-3’

10% glycerol, 1% Triton X-100, 2mM EDTA, 2
mM EGTA, 1mM ditheiothreitol, 1 mM phenyl-
methylsulfonyl fluoride, 20 uM leupeptin, and 1
#M aprotinin; Sigma). After centrifugation for 10
min at 10,000 x g, the supernatant was stored at
-20°C. Protein concentrations were determined by
using a protein assay kit (DC protein assay kit;
Bio-Rad, Hercules, CA, USA). The lysates contain-
ing 10 #g of protein were boiled for 5 min in SDS
sample buffer, fractionated by SDS-10% poly-
acrylamide gel electrophoresis, and transferred to
a nitrocellulose membrane (Hybond; Amersham,
Cleveland, OH, USA) by using an electroblotting
apparatus (Bio-Rad). The membranes were
blocked for 1 hr in Tween-phosphate-buffered
saline (PBS-Tween) containing 5% nonfat milk
powder. The membranes were then incubated
with primary antibody at 1:1,000 dilutions in
PBS-Tween containing 5% nonfat milk powder at
room temperature for 1 hr and then washed in
PBS-Tween. The primary antibodies used in this
study were rabbit anti (@-crystallin antiserum (1 :
1,000 dilution) and (8-crystallin antiserum (1 :
2,000 dilution) (Stressgen, Victoria, B.C., Canada).
Blots were then incubated with a 1: 1,000 dilution
of horseradish peroxidase-conjugated anti-rabbit
antibody (Amersham) at room temperature for 1
hr. After washing in three times in PBS-Tween,
the blots were developed by using ECL detection
reagents (Amersham) or chromogenic substrate
solution (DAB substrate; Boehringer Mannheim).
Pre-stained molecular weight standards were
purchased from Bio-Rad and Novex.

Two-dimensional gel electrophoresis

Two-dimensional gel electrophoresis (2-D) of
lens epithelial cell lysates was performed ac-

cording to the method of O’Farrell” Lens epi-
thelial cells were lysed on ice in urea-soluble
sample buffer. In brief, samples were thoroughly
mixed in 240 £1 of Sample Buffer I (0.3% SDS, 200
mM DTT, 50 mM Tris, pH 8.0) and boiled for 5
minutes. The samples were chilled on ice for 5
minutes and 24 gl of Sample Buffer II (500 mM
Tris, 50 mM MgCl,, 1 mg/ml DNAse I, 0.25 mg/
ml RNAse A, pH 8.0) was added to each tube.
They were mixed thoroughly and incubated for
up to 8 minutes on ice. Acetone was added to 80
% v/v and incubated on ice for 20 minutes. The
solution was centrifuged at 13,000 xg for 10
minutes. The supernatant was discarded and the
pellet was dried at room temperature for 5
minutes. The pellet was resuspended in 240zl of
Sample Buffer Mix (7.92 M urea, 0.06% SDS, 1.76
% Ampholytes, 120 mM DTT, 3.2% Triton X-100,
40 mM Tris (pH 8.0)) and stored at (70C. Total
urea-soluble proteins were separated by 2-D as
previously described.”* Fifty-micro-liter of the
urea-soluble proteins were then applied to a gel
(8 M Urea, 0.4% Triton X-100, 4 parts pIl 5-8 and
1 part pH 3.5-10 Ampholine mixtures, Duracryl
[acrylamide/Bis 30.8% T]). Isoelectric focusing
was performed for the first dimension at 450 V for
16 h at 16.5°C (Top buffer : 20 mM NaOll, Bottom
buffer : 0.085% IH;POy), and proteins were sepa-
rated by SDS-PAGE (15% gels, 16 X 18 cm, 1.5
mm, 100-200V) for the second dimensional an-
alysis. The proteins were visualized by staining
with silver nitrate or subsequently subjected to
Western blotting.

RESULTS
To examine any changes in a-crystallins in lens
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epithelial cells of anterior polar cataracts, we first
attempted to compare the expression level of a-
crystallin proteins in lens epithelial cells from
patients with distinct types of cataracts. The ex-
pression level of @A-crystallin in lens epithelial
cells from patients with clear lenses (noncata-
ractous high myopia) was included as a control
value. As shown in Fig. 1, a marked increase in
higher molecular weight bands, especially around
45kDa, ocurred in anterior polar cataracts. This
may indicate non-disulfide cross-linking of native
aA-crystallins.

Next, we also studied aB-crystallin in an identi-
cal manner. Because clear lenses were of limited
availability, and because lens epithelial cells of nu-
clear cataracts showed similar patterns of immu-
noreactivity to those of noncataractous high myo-
pia (Fig. 1, lanes 2 and 3), we examined anterior
polar and nuclear cataracts for the rest of this
study. Fig. 1 (lanes 4 and 5) showed that the ex-
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Fig. 1. Alterations of @A- and eB-crystallin proteins in
lens epithelial cells of anterior polar cataracts. Lens
epithelial cells attached to the anterior lens capsules from
patients with anterior polar cataracts (lane 1, 4, 6), nuclear
cataracts (lane 2, 5, 7), and noncataractous high myopia
(lane 3) were lysed in lysis buffer. Equal amounts (10 xg)
of cell lysates were examined for @A- and @B- crystallin
expression by Western blot analysis. To confirm equal
loading, cell lysates were separated on SDS-PAGE and
stained with Coomassie Brilliant Blue. Three separate
experiments showed similar results.
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pression of aB-crystallin in anterior polar cata-
racts was enhanced. Similar results were obtained
in another independent set of assays (data not
shown), suggesting that these alterations could be
attributed to the common nature of this particular
type of cataract. Coomassie Blue staining of gel
demonstrated that equal amounts of protein were
applied for samples from both types of cataract
(Fig. 1, lanes 6 and 7).

We then examined whether the lens epithelial
specimens we obtained were contaminated with
lens fiber materials or whether abnormally pro-
liferating fiber cells existed in the specimens from
anterior polar cataracts. To test this, we performed
RT-PCR analysis for messages for fiber cell spe-
cific proteins such as B-crystallin and filensin. As
shown in Fig. 2, the expression of B-crystallin and
filensin mRNA was not detectable in lens epi-
thelial cells whereas it was readily detectable in
lens fibers that were included as a positive con-
trol. This shows that the cells adhering to the an-
terior lens capsules from anterior polar cataracts
are mostly lens epithelial cells. It suggests that the
alteration of @-A and e-B-crystallin expression is
not due to contamination of lens fiber cells or ab-
normal proliferation of fiber cells in anterior polar
cataracts.

To determine whether the observed changes in
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Fig. 2. Absence of mRNAs for fiber-specific proteins in
lens epithelial cells from cataract patients. Total RNA was
isolated from cells attached to the anterior lens capsules
and from lens fibers obtained during cataract surgery.
mRNA levels for B-actin, B-crystallin, and filensin were
examined by RT-PCR. Two separate experiments yielded
similar results. M=molecular weight standards (base
pairs); lanes 1, 4, 7=anterior polar cataracts; lane 2, 5,
8=nuclear cataracts; lane=3, 6, 9 lens fibers.
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Fig. 3. The levels of ¢A- and eB-crystallin mRNAs in lens
epithelial cells of anterior polar and nuclear cataracts. No
changes in mRNA levels were observed. Total cellular
RNA was isolated from lens epithelial cells of anterior
polar cataracts (lane 1, 3, 5) and nuclear cataracts (lane 2,
4, 6), then subjected to RT-PCR using gene-specific primers.
Three independent assays showed similar results.

protein expression reflected those in mRNA, we
compared the steady state mRNA level of aA-
and eB-crystallins in anterior polar and nuclear
cataracts using RT-PCR analysis. Fig. 3 showed
similar levels of mRNA expression in lens epi-
thelial cells obtained from both types of cataract.
This data implies that the increased level of aA-
and aB-crystallins in lens epithelial cells of ante-
rior polar cataracts is controlled at the post-
transcriptional level.

Finally, to better examine possible modifications
of a-crystallins in lens epithelial cells of anterior
polar cataracts, we performed Western blotting
after two-dimensional gel electrophoresis. As
shown in Fig. 4A, additional spots (black arrow
heads) migrating to the acidic side of the major (a-
crystallin spot (arrow) were prominent in an-
terior polar cataracts. Several faster migrating
spots (white arrow heads) that could be truncated
products were also detected at the basic side of
the major aA-crystallin spot (Fig. 4A). In the blot
probed with eB-crystallin, more spots were de-
tected at the acidic side of the major @B-crystallin
spot in anterior polar cataracts (Fig. 4B).

DISCUSSION

Crystallins were previously regarded as lens-
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Fig. 4. Modification of @A- and eB-crystallins in lens
epithelial cells from anterior polar type cataract patients.
Cell lysates were prepared from lens epithelial cells
attached to the anterior lens capsules from patients with
anterior polar cataracts (AP) and nuclear cataracts (Nuc).
Lysates were first focused in an isoelectric focusing gel
and then subsequently resolved on SDS-PAGE. After
separation using 2-D gel electrophoresis, each gel was
tested by Western blot analysis for eA-crystallin (A) or
aB-crystallin (B). Three separate experiments showed
similar results. Arrow: unmodified crystallin, arrow head:
modified crystallin.

specific and exclusively considered as structural
proteins.”” However, they have been found to also
possess genuine chaperone activity similar to that
of heat-shock proteins.”” In this study, we ob-
served abnormal changes in g-crystallins from
lens epithelial cells of anterior polar type cataract
(APC, Fig. 1). In addition, using 2-D gel analysis,
we showed aberrant modification a-crystallins
(Fig. 4). These results suggest that aberrant accu-
mulation and modification of @-crystallins can be
major causes of APC formation. In the previous
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studies, Andley et, al.” used total lenses to an-
alyze protein modification or expression. How-
ever, we used lens epithelial cell samples from
human patients with cataracts. Thus our investi-
gation gave us more detailed information about
changes in proteins in the cataract samples. How-
ever, still more investigation is required to un-
derstand the nature of protein modification with
regard to APC. The majority of reports concerning
the accumulation and modifications of the a-crys-
tallin gene and protein have included various
aspects of the function of this protein in the
lens. For example, studies on the mechanisms
that lead to the accumulation of e-crystallin in
normal and diseased tissues, including tumors,
have been reported.*”*

Modifications in the crystallins may disrupt
their normal structure in the lens and cause light
scattering. Early investigators of the crystallins
reported post-translational charge modifications™
and decreases in molecular weights® associated
with protein aging. A recent study also showed
that @-Crystallins in the human lens undergo
extensive modifications,” which lead to their in-
corporation as major components of the insoluble
colored fraction of age-related nuclear cataracts.”
During aging, lens crystallins undergo extensive
posttranslational modification. Both @-Crystallins
undergo post-translational modifications: trunca-
tion of N-14 and C-termini,"** deamidation,® ra-
cemization," phosphorylation,”” oxidation of me-
thionine,"*”’ glycation,‘m'42 disulfide formation,”®
and addition of O-GIcNAc of @B-Crystallin.***

We have used two-dimensional gel electro-
phoresis techniques to examine modifications in
lens epithelial cell proteins that could be charac-
teristics of the cataractogenic processes. According
to our results, additional spots migrating to the
acidic side of the major @A- and aB- crystallin
spots were prominent in anterior polar cataract
samples. This result suggests phosphorylation,
deamination, oxidation, and O-linked glycosyla-
tion can be possible modifications ocurring in
anterior polar cataracts. IHowever, we still need
more investigation to figure out the nature of
modifications on @A- and B- crystallins and
whether these modification(s) are related to dis-
ease progression.

In summary, we showed accumulation and
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aberrant modifications of @-Crystallins, which
may significantly influence the transparency of-
lens epithelial cells. The data obtained from this
study of a-crystallin in lens epithelial cells can be
used as a reference to monitor changes in lens
crystallins that occur with anterior polar cataracts.
Further understanding of anterior polar cataract-
related modifications may lead to identify thera-
peutic targets for anterior polar cataracts.
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